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ABSTRACT
Objective: This research investigates how reflective processes, such as past-temporal and social comparisons, enhance changes 
in explicit and implicit self-concepts of social–emotional traits and whether these effects differ with age.
Method: We conducted two preregistered multi-method studies to examine whether past-temporal or social comparisons predict 
changes in emotional stability and extraversion. In the longitudinal study (N = 615, aged 18–84 years), we assessed the frequency of 
past-temporal and social comparisons, explicit and implicit self-concepts of emotional stability and extraversion at two measuring 
points 6 months apart. In the experimental study (N = 231, aged 18–93 years), we elicited trait-relevant behavioral changes, manipu-
lated past-temporal versus social comparisons, and assessed explicit and implicit trait self-concepts before and after the manipulation.
Results: Past-temporal and social comparisons predicted longitudinal changes in the explicit self-concept of emotional stability but not  
extraversion. The experimental study indicated changes in explicit self-concepts of both traits, regardless of the type of comparison 
standard. Neither type of comparison predicted changes in implicit self-concepts. The findings were generalizable across age groups.
Conclusions: This research provides the first evidence that comparisons facilitate the change of explicit but not implicit 
trait self-concepts. We discuss short-term mechanisms of personality development and future directions for examining them 
experimentally.

1   |   Introduction

In adulthood, personality underlies both stability and dynamic 
changes that contribute to normative development (Bleidorn 

et  al.  2022) and individual variations in personality trait 
change (Mund and Neyer 2014; Wagner et al. 2016). Normative 
personality development largely follows the maturity princi-
ple with increases in agreeableness, emotional stability, and 
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conscientiousness across the lifespan (Bleidorn et al. 2022). In 
addition, extraversion and open-mindedness decrease, and the 
pace of personality development is more dynamic in younger 
than in later adulthood. Importantly, individual differences in 
the direction and pace of personality development are not yet 
well understood (Wrzus and Roberts 2017) and may originate 
from individual differences in the underlying processes. Earlier 
research focused on explaining these developments primarily 
through specific life events and transitions, but the findings 
were mixed, and the effects were smaller than expected (see 
Bühler et al. 2024, for an overview).

Even though personality changes are well studied, little is 
known about the processes that cause these changes (Wrzus and 
Roberts 2017). Everyday experiences could be crucial (Baumert 
et al. 2017; Quintus et al. 2021; Wrzus and Roberts 2017), but 
need to be accompanied by associative and reflective processes 
to gradually leave traces in personality traits (Jackson and 
Wright 2024; Wrzus and Roberts 2017). Accordingly, the present 
research focused on reflective processes and their interplay with 
associative processes in the development of the social–emotional 
traits of emotional stability and extraversion at different ages.

1.1   |   Processes of Personality Development

Previous literature suggests that everyday experiences gradu-
ally shape personality through repeated short-term processes 
(Hudson and Roberts 2016; Quintus et al. 2021; Stieger et al. 2021; 
Wrzus and Roberts 2017). The so-called TESSERA framework 
integrates previous work in short-term processes, which in-
volve recursive sequences of triggering situations, expectancies, 
states/state expressions, and reactions (TESSERA; Wrzus and 
Roberts 2017). For example, a trait-relevant situation (e.g., a so-
cial gathering for extraversion) triggers expectations (e.g., acting 
sociable), elicits trait-relevant states (e.g., [not] talking to others), 
and creates reactions in oneself and others (e.g., positive/nega-
tive affect). Whereas states corresponding to a person's former 
trait level contribute to trait stability, trait-incongruent states 
contribute to trait changes (Wrzus and Roberts 2017). For exam-
ple, a rather reserved person acting more extraverted than usual 
and receiving positive feedback may gradually become more ex-
traverted. Several studies found empirical evidence for these as-
sumptions: Repeated social situations and social behaviors were 
linked to increases in extraversion (Quintus et al. 2021; Van Zalk 
et al. 2020), empathic behavior predicted increases in agreeable-
ness (Quintus et al. 2021), and adhering to work ethics predicted 
increases in conscientiousness (Hudson and Roberts 2016).

Building on the TESSERA framework (Wrzus and Roberts 2017) 
and the behavioral process model of personality (Back 
et  al.  2009), we propose that personality development man-
ifests at different levels, for example, in explicit and implicit 
self-concepts. Explicit self-concepts represent an individual's 
propositional evaluation of thoughts, feelings, and behaviors 
(Back et al. 2009; Gawronski and Bodenhausen 2006; Schmukle 
et al. 2008), while implicit self-concepts are represented by au-
tomatic associations between situations, thoughts, feelings, and 
behaviors. Both self-concepts are associated with each other 
(Hofmann, Gawronski, et  al.  2005) and predict actual behav-
ior in the cases of extraversion and emotional stability (Back 

et al. 2009). However, these distinct entities develop through dif-
ferent processes over time (Gawronski and Bodenhausen 2006; 
Gawronski et al. 2017; Quintus et al. 2021; Wrzus et al. 2023): 
Reflective processes (e.g., comparisons) translate TESSERA se-
quences mainly into long-term changes in explicit self-concepts, 
and associative processes (e.g., reinforcement learning) primar-
ily into implicit self-concepts (Wrzus and Roberts 2017).

The present research was conducted as part of a project on so-
cial–emotional personality development, focusing on investi-
gating the underlying processes of traits that promote mental 
health. Thus, we focused on the social–emotional traits of (a) 
emotional stability, represented by responding less strongly to 
difficult situations and handling such situations more calmly 
and positively (Soto and John 2017; Suls and Martin 2005), and 
(b) extraversion, characterized by sociability, assertiveness, and 
high levels of energy in social situations (Smillie et  al.  2015; 
Soto and John 2017). Many individuals desire to increase these 
traits (Hudson et  al.  2020; Hudson and Roberts  2014), and of 
the Big Five traits, emotional stability and extraversion show 
the strongest positive associations with mental health (Lamers 
et al.  2012; McNiel and Fleeson 2006; Pletzer et al.  2024) and 
have been linked to positive life outcomes, such as work success, 
relationship stability, and increased life expectancy (Roberts 
et al. 2007).

1.2   |   Change in Explicit Self-Concepts 
of Personality Traits: The Role of Reflective 
Processes

Several theoretical approaches to processes of individual per-
sonality development have concluded that self-reflection is es-
sential for personality change (Baumert et al. 2017; Jackson and 
Wright 2024; Wrzus and Roberts 2017). More specifically, it is 
argued that only if trait-relevant experiences and behaviors are 
processed through self-reflection, they can be integrated either 
by confirming or changing the explicit self-concept (Baumert 
et al. 2017; Wrzus and Roberts 2017). Self-reflection is a process 
in which individuals examine their thoughts, feelings, behav-
iors, and experiences (Grant et  al.  2002; McAdams  2013). For 
example, people can ask themselves how their thoughts and 
behaviors align with their personality, or how they can grad-
ually adapt their behavior based on a desired change (Geukes 
et  al.  2018; Wrzus and Roberts  2017). Moreover, how people 
evaluate their behavior may contribute to stability or change in 
their personality. For instance, an anxious person coped better 
at work after learning new strategies in a workshop. They no-
ticed their improved performance when observing that their 
colleagues were a lot more stressed about the situation than they 
were. This could shape their explicit self-concept if they attri-
bute the change to their own ability to manage stress. However, 
if they attribute it to external factors like a supportive coworker, 
their self-concept probably remains unchanged. As this illus-
trates, self-reflection consists mainly of evaluating perceived in-
formation, with the individual determining its importance and 
accuracy (Gawronski and Bodenhausen 2006).

To our knowledge, no studies have explored whether self-
reflection generally promotes trait change across the lifespan. 
We propose that primarily self-reflection focused on specific 
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traits and related behaviors influences trait change because 
frequent comparisons within one domain (e.g., extraversion) do 
not necessarily imply comparisons in another (e.g., emotional 
stability; Wrzus et al. 2025). Also, a previous study found that 
individuals who repeatedly behaved in a conscientious manner 
and reflected more intensely upon the corresponding situations 
became more conscientious (Quintus et al. 2021). Interestingly, 
reflection did not moderate the effects of states on trait change 
for other Big Five traits. This may be because self-reflection 
was reported in general terms, without specifying a focus on 
particular traits. Thus, the current research aimed at assessing 
more specific indicators of self-reflection related to trait-relevant 
thoughts, feelings, behaviors, or the trait itself.

In particular, self-reflections that enhance adjusting the explicit 
self-concept should consist of reassessing characteristics by 
perceiving novel behaviors and evaluating them in comparison 
to others or another comparison standard (Geukes et al. 2018; 
Pals 2006; Wrzus and Roberts 2017). Individuals may compare 
themselves with an ideal self (Higgins 1987), others (i.e., social 
comparison in Festinger, 1954, as cited in Morina  2021), or to 
themselves in the past (i.e., past-temporal comparison in Albert, 
1977, as cited in Morina 2021). We focused on past-temporal and 
social comparisons in this research as they seem to be the most 
frequently used (Morina  2021). For instance, the individual 
in the prior example might recognize their emotional stability 
during a hectic day by comparing it to how others handled the 
situation or how they handled such situations in the past.

To the best of our knowledge, no studies have yet tested how 
comparisons shape personality self-concepts across time. But ev-
idence from one-time experiments shows that singular instances 
of comparisons do shape the evaluation of several characteris-
tics (e.g., extraversion: Hanko et al. 2010; academic self-concept: 
Wolff et al. 2018; task performance: Zell and Alicke 2009). For 
example, individuals primed to perceive differences evaluated 
themselves as more extraverted when comparing themselves 
to a more introverted past self. Conversely, individuals primed 
to perceive similarities evaluated themselves as more intro-
verted when comparing themselves to a more introverted past 
self (Hanko et  al.  2010). This also highlights the importance 
of whether individuals compare themselves to a better-off or 
worse-off standard (upward vs. downward comparisons).

In general, upward comparisons are more frequent than down-
ward comparisons on dimensions such as body image, attrac-
tiveness, and well-being (Gerber et al. 2018; McComb et al. 2023; 
Midgley et al. 2021). In contrast, research showed that individ-
uals generally perceive themselves as better than their average 
peer (Zell et  al.  2020), and as better than themselves in the 
past regarding their personality traits (Wilson and Ross 2000). 
Therefore, we assume a preference for downward comparisons 
in the domain of personality. Importantly, comparisons in other 
domains have been linked to the desire to improve certain char-
acteristics (Buunk et al. 2007; Gürel et al. 2022) and gain clarity 
about one's self-concept (Zaw and Baldwin 2023). Accordingly, 
regarding personality, comparisons could also be intentionally 
employed, contrasting current self-evaluations with those of 
the past (Hanko et  al.  2010) or with other individuals (Wolff 
et al. 2018).

In sum, we propose that as more specific forms of reflective pro-
cesses, social and past-temporal comparisons regarding emo-
tional stability and extraversion may lead to changes in explicit 
self-concepts by facilitating the perception of novel thoughts, 
feelings, and behaviors as a response to experiences, which is 
the first step in revising one's explicit self-concept.

1.3   |   Change in the Implicit Self-Concepts 
of Personality Traits: The Role of Associative 
Processes

Implicit self-concepts evolve and develop through automatic 
associative processes and are assessed through indirect mea-
sures like word categorization tasks (Back et al. 2009). In trait-
relevant situations, various associative processes can come into 
play. For example, when attending social gatherings, individu-
als may become more skilled in perceiving social cues through 
implicit learning (Seger 1994). Also, they may receive positive 
feedback on their networking skills (feedback learning; Caspi 
and Roberts 2001) or experience consequences like positive af-
fect and form new friendships (reinforcement learning; Caspi 
and Roberts 2001). These associative processes may increase the 
probability of entering similar situations and behaving similarly.

In line with this, repeated reasonable and social behavior pre-
dicted increases in the implicit self-concepts of conscientious-
ness and extraversion, respectively (Quintus et al. 2021). Most 
of the research investigating change in implicit self-concepts 
has mainly focused on implicit attitudes or self-esteem rather 
than personality traits (e.g., Alessandri et al. 2016; Charlesworth 
and Banaji 2022; Crescentini et al. 2014). Although it is widely 
tested that explicit and implicit self-concepts are separate en-
tities that are weakly to moderately linked (Back et  al.  2009; 
Hofmann, Gschwendner, et  al.  2005), only a few studies in 
the field of personality examined how they change simultane-
ously. While some found that they can change similarly (Egloff 
et al. 2008; Quintus et al. 2021), others found diverging direc-
tions of trait change (Quintus et  al.  2021; Wrzus et  al.  2023), 
which could be grounded in the fact that reflective and asso-
ciative processes do not necessarily work in concert (Gawronski 
and Bodenhausen 2006). Nevertheless, reflective processes may 
follow associative activations during experiences (Gawronski 
and Bodenhausen  2006) and can strengthen the associa-
tion of explicit and implicit self-concepts (Egloff et  al.  2008; 
Gschwendner et  al.  2006). Accordingly, we tentatively as-
sumed that past-temporal comparisons may indirectly shape 
implicit self-concepts by reinforcing associative activations. 
For example, a person may automatically react adaptively to a 
stressor (associatively) and also evaluate this response as more 
adaptive than previous behaviors in similar situations (reflec-
tively). Strengthening the link between explicit and implicit 
self-concepts could help sustain trait changes, as both concepts 
are different manifestations of the same trait and may influence 
each other (Hofmann, Gschwendner, et al. 2005). Changing only 
one self-concept may lead to a reversal of progress if the other 
remains unchanged. Additionally, greater congruence between 
explicit and implicit self-concepts is desirable, as incongruence 
has been linked to psychological stress (e.g., Rydell et al. 2008; 
Schröder-Abé et al. 2007).
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1.4   |   Sources of Age Differences in Personality 
Change: Reflective and Associative Processes

Strong evidence exists that trait changes are more pronounced 
in younger compared to older age (Bleidorn et  al.  2022), al-
though the underlying reasons remain unclear (Bleidorn and 
Hopwood  2024; Wrzus et  al.  2023). Reflective and associative 
processes both rely on neuronal flexibility, which declines with 
age (Bishop et al. 2010; Craik and Bialystok 2006). Consequently, 
cognitive pursuits become more selective, and learning mech-
anisms become slower and less effective with age (Head 
et al. 2008). While establishing a stable identity is crucial in the 
early stages of life, with older age, people prioritize immediate 
well-being and tasks like coping with losses and generativity 
(e.g., Baltes 1987) over gaining new knowledge for future goals 
(Socioemotional Selectivity Theory; Carstensen et  al.  1999). 
Accordingly, trait-specific self-reflections may be more import-
ant and adaptive during younger compared to older age.

Potentially, older individuals may feel less motivated to engage 
in comparisons due to their greater self-concept clarity (Diehl 
and Hay  2011) and weaker desire to change their personality 
traits (Hudson and Fraley 2016; Quintus et al. 2017). Moreover, 
this clarity, combined with less desire to change and less cogni-
tive flexibility, may hinder perceiving self-discrepant informa-
tion or changing their self-concept accordingly. Discrepancies 
between a characteristic's desired and current levels can prompt 
negative feelings and coping strategies (e.g., Strautman and 
Higgins 1987). At a younger age, this may not hinder individ-
uals from engaging in comparisons due to their stronger de-
sire for personality change (Hudson and Fraley 2016; Quintus 
et al. 2017). As individuals age, incongruent information during 
a comparison may more likely be ignored or disregarded, or 
they may perceive it as not important or true (Gawronski and 
Bodenhausen 2006; Pasupathi and Mansour 2006) because they 
prioritize immediate well-being (Carstensen et al. 1999).

In line with these assumptions, previous research demonstrated 
that older individuals engage in fewer comparisons regarding 
their abilities, opinions, and personality (Callan et  al.  2015; 
Küchler et al. 2025) than younger individuals, but in more com-
parisons related to health (Mehlsen et al. 2019). These findings 
suggest that the focus of self-reflections may shift toward char-
acteristics one desires or needs to improve at that point in life 
(Küchler et al. 2025).

Also, prior research found evidence that could suggest that 
the effects of comparisons on an individual's self-concept 
could vary with age. For example, older individuals compared 
to younger individuals prioritized consistency over change in 
self-reflection (McLean 2008; Pasupathi et al. 2006; Sneed and 
Whitbourne 2003). Also, younger individuals were more prone 
to identity accommodation (i.e., making changes in the self-
concept), whereas older individuals were more prone to iden-
tity assimilation (i.e., maintaining self-consistency; Sneed and 
Whitbourne 2003).

To our knowledge, no study has investigated age differences 
in the effect of trait-specific comparisons on trait change. We 
suggest that, generally, comparisons should have stronger ef-
fects on individuals with younger as opposed to older ages, 

consequentially leading to greater change in their explicit self-
concepts. Moreover, although we generally expect a lower fre-
quency of comparisons in older individuals, with age, people 
may particularly engage in fewer social comparisons because of 
less diverse social interactions (Weber et al. 2020). Furthermore, 
with age, the better-than-average effect typically associated 
with social comparisons regarding personality diminishes (Zell 
et al. 2020), indicating that older individuals may not perceive 
themselves as superior to others, thereby potentially avoiding so-
cial comparisons even more than past-temporal comparisons to 
evade psychological conflict. Nevertheless, in contrast to them-
selves in the past, people tend to perceive their current selves as 
superior regarding traits such as social skills, open-mindedness, 
and reliability (Wilson and Ross  2001). Accordingly, past-
temporal comparisons likely still exert a stronger influence on 
older individuals than social comparisons do.

Regarding implicit self-concepts, a similar pattern is expected, 
considering the impact of aging on associative processes. Some 
previous research found inconsistent age differences in the link 
between trait-relevant states, reactions, and personality change 
(Quintus et al. 2021). However, a substantial body of literature 
has shown that, compared with younger individuals, older in-
dividuals exhibit disruptions in associative learning (Mutter 
et al. 2019), reinforcement learning (Cutler et al. 2021), and gen-
eral learning from experiences (Mata et al. 2011). Accordingly, 
associative processes linked to personality development may be 
less effective, resulting in less change in implicit self-concepts 
with older age.

1.5   |   The Present Research

In the present research, we employed a multi-method approach 
to investigate the effects of comparisons as reflective processes 
on changes in emotional stability and extraversion at different 
ages. We aimed to answer three main research questions: First, 
given the lack of evidence for the effects of comparisons on per-
sonality development, we investigated whether comparisons 
enhance changes in emotional stability and extraversion and 
simultaneously tested potential differences in the effects of past-
temporal and social comparisons. Second, we explored changes 
in explicit and implicit self-concepts, assuming that social com-
parisons should affect explicit but not implicit self-concepts. 
Third, to add to the literature on sources of age differences in 
personality development, we explored whether comparisons en-
hance trait changes less strongly in individuals with older com-
pared to younger ages. To address these research questions, we 
implemented two studies with age-heterogeneous samples and 
two distinct designs. In Study 1, we aimed to investigate the 
long-term effects of comparisons on personality development by 
using a longitudinal design. Because short-term processes elic-
ited in specific situations could not be explored in this design, 
we further employed an experimental design in Study 2.

In Study 1, we employed a longitudinal design over 6 months 
in two countries (United States and Germany) to move be-
yond single-country studies. The frequency of past-temporal 
and social comparisons is trait-specific and has a similar re-
test stability as traits (Wrzus et  al.  2025). Importantly, we ex-
pected individuals to have sufficient occasions for comparisons 

 14676494, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jopy.13016 by U

niversitätsbibliothek, W
iley O

nline L
ibrary on [07/03/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



5 of 21

because fluctuations of trait-relevant states are manifested in ev-
eryday behavior (Quintus et al. 2021; Wrzus and Roberts 2017), 
and most people wish to improve their emotional stability and 
extraversion (Hudson and Roberts  2014). Accordingly, we hy-
pothesized (H1a) that with a more pronounced initial frequency 
of past-temporal comparisons, the explicit and implicit self-
concepts of emotional stability and extraversion change more 
strongly over time. Moreover, (H1b) with a more pronounced 
initial frequency of social comparisons, the explicit (but not 
implicit) self-concepts of these traits change more strongly over 
time. We assumed that social comparisons could be particularly 
relevant for extraversion because it is an interpersonal trait, par-
ticularly visible in social interactions (Costa and McCrae 1989). 
Accordingly, we hypothesized (H2) that changes in extraversion 
would be more pronounced with a more pronounced initial fre-
quency of social comparisons relative to past-temporal compar-
isons. We expected no differences between both comparison 
standards for changes in emotional stability. Last, we hypothe-
sized (H3) that changes in the explicit and implicit self-concepts 
of emotional stability and extraversion are more pronounced 
among younger individuals compared to older individuals.

We did not have any hypotheses for cross-country differences 
related to the research questions investigated. However, in ex-
ploratory analyses, we tested whether the effects of comparisons 
and age on trait change were moderated by the country of res-
idence. Also, we conducted exploratory analyses with general 
self-reflections as control variables to determine whether our 
assumption that exclusively trait-specific comparisons, rather 
than general self-reflection tendencies, predicted changes in ex-
plicit trait self-concepts.

In Study 2, we aimed to induce short-term changes in personal-
ity self-concepts. As explained in more detail in the Procedure 
section of Study 2, we created triggering situations and induced 
states relevant to emotional stability and extraversion. Then, we 
randomly assigned participants to compare themselves either 
to others or to themselves in the past. Importantly, the experi-
ment included a social interaction during stress induction and 
reduction. Because previous research showed that extraversion 
is more influenced by behavioral changes than emotional sta-
bility (Quintus et al. 2021), we formulated the hypothesis (H1a) 
that changes in extraversion are more pronounced compared 
to changes in emotional stability. Moreover, we again hypoth-
esized (H1b) that changes in extraversion are more pronounced 
after social comparisons relative to past-temporal comparisons. 
In line with H2 of Study 1, no difference was expected for emo-
tional stability. In the experiment, the TESSERA framework 
sequence was enacted once, and because the establishment of 
associative memory usually needs more repetitions (for an over-
view, see Gawronski and Bodenhausen 2006), we hypothesized 
(H2a) that explicit trait self-concepts change more compared to 
implicit trait self-concepts. Furthermore, we expected (H2b) that 
changes in implicit self-concepts are not affected by the compar-
ison standard. Again, we hypothesized (H3a) that personality 
changes are more pronounced among younger adults compared 
to older adults. Furthermore, we expected (H3b) that personal-
ity changes among younger adults are more pronounced when 
based on social comparisons compared to past-temporal com-
parisons, whereas personality changes among older adults are 

more pronounced based on past-temporal comparisons com-
pared to social comparisons.

2   |   Study 1: Effects of Past-Temporal and Social 
Comparisons on Longitudinal Trait Change

2.1   |   Method

The data of this manuscript were collected within a larger proj-
ect. The study design, sample rationale, hypotheses, and data 
analyses were preregistered after the data collection of T1 but 
prior to T2, and none of the hypotheses can be tested without 
data from T2: https://​osf.​io/​mrvps​. Deviations, all minor, from 
the preregistration are explained in Table  S1. The wording of 
the hypotheses was exclusively changed for grammatical cor-
rectness and consistency. The data, code, and materials are 
available at https://​osf.​io/​rwkjf/​​. The Ethics Committee of the 
Psychological Institute of Heidelberg University approved the 
research project (Wrzus 2019 1/1) and all participants gave in-
formed consent before participation.

2.1.1   |   Procedure

To recruit an age- and gender-heterogenous sample with diverse 
socioeconomic backgrounds, individuals from the United States 
and Germany were invited to participate in the online study 
(SoSci Survey; Leiner 2021) on “behavior and experiences in ev-
eryday life” via the crowdsourcing platform Clickworker. The 
participants were informed that the study consisted of three 
waves of data collection, which would be compensated with a 
total of €14.50/ $16.80, respectively. In Germany, the data were 
sampled in August 2021 (T1), September 2021 (Retest), and 
February 2022 (T2), and in the United States in October 2021 
(T1), November (Retest), and April 2022 (T2). Only T1 and T2 
contained all relevant variables for this manuscript. The time lag 
of 6 months was chosen because previous studies (e.g., Quintus 
et al. 2021) showed that it is sufficient to observe the effects of 
short-term processes of personality development in correlational 
studies (without interventions). After giving informed consent, 
the participants provided demographic information, completed 
questionnaires and implicit association tests, and then gener-
ated a personalized code for data matching.

2.1.2   |   Participants

We aimed for 330 participants per country, expecting an attri-
tion rate of 10%. The power analysis was based on a different 
research question of this project, which involved a more complex 
model with interaction effects. For that analysis, we aimed for 
N = 300 with a power of 1−β = 0.95 and an alpha level of α = 0.05, 
assuming a main effect of 0.20 and an interaction effect of 0.10. 
To participate in the study, individuals had to be at least 18 years 
old, have PC or laptop access, and have good English or German 
language skills, respectively. We employed quotas for five age 
groups (18–30, 31–44, 45–58, 59–72, and 73–86 years), separately 
for individuals identifying as male or female, to gain a gender- 
and age-heterogeneous sample.
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A total of 648 individuals participated at T1 (321 in the United 
States and 327 in Germany). To preserve data quality, we ex-
cluded responses from participants that had an unrealistically 
low survey duration (below 50% of the estimated time, i.e., 
below 15 min) or a combination of various suspicious response 
behaviors (e.g., giving the same answer more than 10 times in 
a row; Yentes and Wilhelm  2018) or more than two failed at-
tention check items (as described in Meade and Craig 2012; see 
preregistration). After the exclusion of 33 participants (19 US 
and 14 German participants), the final sample of N = 615 in-
cluded 313 German participants aged 18–84 years (Mage = 43.32, 
SDage = 14.91) and 304 US participants aged 18–78 years 
(Mage = 41.32, SDage = 13.94; for more demographic information, 
see Table S2). At T2, 320 adults participated, and after applying 
the same exclusion criteria as T1, the final sample of 309 partic-
ipants included 228 German participants (attrition rate: 26.84%) 
aged 18–84 years (Mage = 46.09, SDage = 14.57) and 81 US par-
ticipants (attrition rate: 73.18%) aged 19–68 years (Mage = 41.98, 
SDage = 11.57).

Attrition analyses showed that individuals who did not partici-
pate in T2 differed significantly from the remaining participants 
on some variables. Opposed to non-completers, completers were 
older, more emotionally stable, and compared themselves less 
with others regarding extraversion and less with themselves re-
garding emotional stability. There were no differences regarding 
other variables (see Table S3 for more details).

2.1.3   |   Measures

2.1.3.1   |   Explicit Self-Concepts.  We measured explicit 
self-concepts with the Big Five Inventory-2 (BFI-2; Danner 
et al. 2019; Soto and John 2017). Twelve items each measured 
emotional stability1 (e.g., “I am someone who is relaxed, han-
dles stress well”; ω T1 = 0.91, range ω T1: 0.89–0.92; ω T2 = 0.91, 
range ωT2: 0.90–0.93) and extraversion (e.g., “I am someone who 
is talkative”; ωT1 = 0.86, range ωT1: 0.83–0.87; ωT2 = 0.87, range 
ωT2: 0.84–0.89). Participants responded on a 5-point Likert scale 
from 1 (disagree strongly) to 5 (agree strongly).

2.1.3.2   |   Implicit Self-Concepts.  We used an implicit asso-
ciation test (IAT) to assess implicit self-concepts of emotional 
stability and extraversion (Schmukle et al. 2008), which was val-
idated in previous research (e.g., Back et  al.  2009; Greenwald 
et al. 2009). The IAT consists of computer-based word-sorting 
tasks with three practice blocks of 20 trials (Blocks 1, 2, and 4) 
and two test blocks (Blocks 3 and 5) with 60 trials for each trait 
(Greenwald et al. 2003; Richetin et al. 2015). Target categories 
labeled “me” and “others” consisted of five stimuli each (e.g., 
I, myself, their, your), while attribute categories (traits) had 
five stimuli each, differing for anxiety versus calmness (e.g., 
calm, nervous) for emotional stability and extraversion versus 
introversion (e.g., talkative, reserved) for extraversion. Target 
and attribute stimuli were interchanged in the test blocks 3 and 5, 
the order of words was randomized across blocks, and stimuli in 
a given block were repeated (without replacement) until the spec-
ified number of trials was reached. The differences in reaction 
times when sorting words related to high trait levels with “me” 
(vs. “others”) or low trait levels with “me” (vs. “others”) were 
considered indicative of implicit associations with specific trait 

levels (e.g., Schmukle et al. 2008). Values representing implicit 
self-concepts (D2 scores) were calculated with built-in error pen-
alties and winsorized reaction times < 300 ms and > 10,000 ms 
(Greenwald et al. 2003; Richetin et al. 2015). For latent change 
analysis, even and odd stimuli of all trials were split into two 
parcels (e.g., Quintus et al. 2021; Schmukle et al. 2008) and neu-
roticism scores were reversed to represent emotional stability. 
Split-half reliabilities were acceptable for both traits, with inter-
nal consistencies of 0.81 (T1) and 0.73 (T2) for emotional stabil-
ity, and 0.89 (T1) and 0.88 (T2) for extraversion.

2.1.3.3   |   Past-Temporal and Social Comparisons.  Based 
on previous research, we developed a questionnaire to assess 
the frequency of past-temporal and social comparisons of emo-
tional stability and extraversion (Wayment and Taylor 1995; Wil-
son and Ross 2000; Wrzus et al. 2025). Items were translated into 
English for the US sample, and a professional translator checked 
the items for spelling, grammar, and cultural appropriateness.

At T1, two items per personality trait measured comparison fre-
quency (four items in total): One item assessed the frequency 
of past-temporal comparisons (“How often do you compare 
yourself with yourself in the past regarding how calm/sociable 
you are?”) and social comparisons (“How often do you compare 
yourself with other people regarding how calm/sociable you 
are?”). Participants responded on a 7-point Likert scale from 1 
(never) to 7 (always).

2.1.3.4   |   Control Variables.  Ruminative self-reflections 
(e.g., “I often reflect on episodes in my life that I should 
no longer concern myself with”; ω = 0.93, range ω: 0.92–0.94) 
and explorative self-reflections (e.g., “I love analyzing why I 
do things”; ω = 0.88, range ω: 0.87–0.91) were assessed using 
the Reflection-Rumination Questionnaire (Post 2004; Trapnell 
and Campbell  1999), which includes 12 items for each scale. 
Participants provided their responses on a 5-point Likert scale 
ranging from 1 (strongly disagree) to 5 (strongly agree).

2.1.4   |   Analytic Strategy

There were no outliers (M ± 3 SD). All predictors were z-
standardized. The country of residence was entered as a control 
variable in all analyses (−1 = United States, 1 = Germany). We 
used RStudio Version 1.4.1106 for data preparation and control 
analyses (RStudio Team 2021; see Table S4 for used packages). 
We tested measurement invariance for each trait and type of self-
concept, and strong measurement invariance held in each mea-
surement model (Chen 2007; see Table S5 for details). To test our 
hypotheses, we applied latent change analysis (Geiser 2011; e.g., 
see Figure 1) in Mplus Version 8.6 (Muthén and Muthén 1998–
2017). Personality traits at T1 and T2 were modeled as latent 
variables. Latent explicit self-concepts were modeled with three 
content-based parcels (means of four items each), representing 
the three facets of emotional stability (anxiety, depression, emo-
tional volatility, reversed) and extraversion (sociability, asser-
tiveness, and energy level), respectively (Matsunaga 2008; Soto 
and John 2017). The latent implicit self-concepts were modeled 
with two parcels for T1 and T2, in line with split-half D2 scores 
(Schmukle et  al.  2008). The latent change score was modeled 
by establishing the latent trait score at T2, which was perfectly 
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regressed on the latent trait score at T1 and the latent change 
score (Geiser  2011). We computed separate models for each 
trait for the explicit and implicit self-concepts with the follow-
ing predictors: past-temporal comparison and age (Model 1), 
social comparison and age (Model 2), and only age (Model 3) 
as manifest predictors of latent trait change. In all analyses, we 
used the maximum likelihood estimator with robust standard 
errors that are robust against normality violations (Muthén and 
Muthén  1998–2017). We accounted for longitudinal method 
effects by indicator-specific uncorrelated method factors. All 
models were defined with invariant factor loadings and inter-
cepts (i.e., strong factorial invariance). According to best prac-
tices, we report one-tailed p values for directional hypotheses 
and two-tailed p values for non-directional hypotheses (Cho and 
Abe 2013; Lakens 2022).

2.2   |   Results Study 1: Comparisons as Predictors 
of Longitudinal Trait Changes

Table 1 displays descriptive information and correlations of the 
explicit and implicit self-concepts of emotional stability and ex-
traversion at T1 and T2, as well as past-temporal and social com-
parisons of each trait, age, and country at T1. The results of the 
latent change analyses are displayed in Table 2. Model fit indices 
of all models are displayed in Table 3.

On average, no significant mean-level trait change occurred 
in either trait or type of self-concept. Regarding individual dif-
ferences, we found partial support for H1a: Individuals who 
were more prone to compare themselves with their past selves 

at T1 increased their explicit self-concept of emotional stability 
more strongly. However, this was not the case for the explicit 
self-concept of extraversion or the implicit self-concepts of both 
traits. As predicted in H1b, individuals who were more prone 
to compare themselves with others increased their explicit emo-
tional stability more strongly. Contrary to our predictions, this 
was not the case for extraversion. Moreover, as expected, social 
comparisons did not predict change in the implicit self-concept 
of both traits.

In line with H2, both types of comparisons affected changes in 
emotional stability to a similar extent. Contrary to our predic-
tions, social comparisons did not affect changes in extraversion 
more strongly than past-temporal comparisons because neither 
type of comparison was associated with trait changes. Contrary 
to H3, changes in explicit and implicit self-concepts were not 
more pronounced among individuals with younger ages com-
pared to individuals with older ages.

Exploratory analyses revealed no significant differences be-
tween the United States and Germany in the associations be-
tween trait-specific comparisons and the corresponding explicit 
and implicit self-concepts (see Table S6 for details). Age-related 
differences in the explicit self-concepts of emotional stability and 
extraversion, as well as the implicit self-concept of emotional sta-
bility, were also similar in both countries. For the implicit self-
concept of extraversion, there was a significant negative main 
effect of age and a significant positive interaction effect between 
age and country. The interaction effect indicated that changes 
in the implicit self-concept of extraversion were less pronounced 
with older age in the United States (coded as −1), and this effect 

FIGURE 1    |    Latent change model of explicit self-concepts, as an example for testing H1a. Latent traits were estimated with three indicators 
(parcels) for each measurement point (T1 and T2). Measurement invariance was established by constraining intercepts (not displayed) and factor 
loadings to be equal for each measurement. Repeated method effects were accounted for by indicator-specific method factors (IS2, IS3). The latent 
variable Diff T2–T1 reflects the amount of latent change in traits from T1 to T2. Latent trait change was predicted by age, and past-temporal compar-
ison frequency indicated at T1.
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was weaker in Germany (coded as 1). Exploratory analyses with 
general self-reflection tendencies as control variables showed 
that the effects of the original analyses remained unchanged, 
and general self-reflections did not predict trait change (see 
Table S7 for detailed results).

3   |   Study 2: Effects of an Experimental 
Manipulation of Comparison Standards on 
Short-Term Trait Change

3.1   |   Method

This study consisted of a total of three measurement points. 
As preregistered, only the first (T1) and second (T2) measure-
ments were analyzed for the current research questions. Data 
were collected from March 2022 to June 2023 in Heidelberg, 
Germany. The preregistration of the study design, sample ratio-
nale, hypotheses, and analyses prior to data collection are avail-
able at https://​osf.​io/​cy76w​. The codebook, data sets, scripts, 
and experimental manipulations are available at https://​osf.​io/​
rwkjf/​​. Minor linguistic deviations from the preregistration can 
be found in Table S8. The study adhered to the principles of the 
Declaration of Helsinki, was approved by the Ethics Committee 

of the Psychological Institute of Heidelberg University, and all 
participants gave informed consent before participation.

3.1.1   |   Participants

Participants were recruited for the study “Heart and Mind,” al-
legedly on age and personality differences in cognitive tasks as 
well as the role of mood in cardiac activity. They were informed 
that there were three sessions, two online and one in the labora-
tory, with a full debriefing after the final session. Furthermore, 
they were informed that the laboratory session included cogni-
tive and social interaction tasks, with a cardiac activity mea-
surement. Recruitment methods included public advertisement 
via flyers and posters, social media, newspaper articles, and pre-
sentations in educational institutions and senior citizen centers. 
Participants were compensated with €20.

Power analyses were based on between-effects of the past-
temporal versus social comparison condition on personality trait 
change. To detect effects of medium size (0.20) with 1−β = 0.85, 
α = 0.05, we needed to recruit a minimum of 230 participants 
(n = 115 younger adults, n = 115 older adults). We sampled par-
ticipants aged 18–33 years (younger adults) and 60+ years (older 

TABLE 2    |    Past-temporal and social comparisons, and age predicting longitudinal change in the explicit and implicit self-concepts of emotional 
stability and extraversion.

Model

Emotional stability Extraversion

Estimate [95% CI] p Estimate [95% CI] p

Explicit

M1 Change T2–T1 −0.008a [−0.063, 0.046] 0.761 −0.037a [−0.103, 0.030] 0.280

PTCOMP 0.055 [0.016, ∞] 0.010 0.012 [−0.028, ∞] 0.316

Age −0.033 [−∞, 0.007] 0.090 −0.006 [−∞, 0.035] 0.400

M2 Change T2–T1 −0.009a [−0.064, 0.045] 0.735 −0.036a [−0.102, 0.030] 0.289

SCOMP 0.048 [0.009, ∞] 0.023 −0.002 [−0.043, ∞] 0.471

Age −0.032 [−∞, 0.009] 0.100 −0.008 [−∞, 0.034] 0.371

M3 Change T2–T1 −0.008a [−0.062, 0.047] 0.788 −0.036a [−0.103, 0.031] 0.293

Age −0.040 [−∞, 0.000] 0.048 −0.008 [−∞, 0.031] 0.367

Implicit

M1 Change T2–T1 0.001a [−0.050, 0.053] 0.967 0.001a [−0.059, 0.060] 0.982

PTCOMP −0.002a [−0.038, 0.034] 0.914 −0.005a [−0.051, 0.041] 0.838

Age 0.019 [−∞, 0.054] 0.187 −0.019 [−∞, 0.030] 0.262

M2 Change T2–T1 0.001a [−0.050, 0.053] 0.963 0.001a [−0.059, 0.061] 0.984

SCOMP −0.005a [−0.043, 0.033] 0.787 −0.004a [−0.051, 0.043] 0.870

Age 0.018 [−∞, 0.053] 0.194 −0.019 [−∞, 0.030] 0.262

M3 Change T2–T1 0.001a [−0.050, 0.052] 0.967 0.000a [−0.060, 0.060] 0.988

Age 0.019 [−∞, 0.054] 0.182 −0.018 [−∞, 0.030] 0.268

Note: N = 309. M1 = Model 1, M2 = Model 2, M3 = Model 3. Significant p values (p < 0.05) are bolded.
Abbreviations: PTCOMP, past-temporal comparison; SCOMP, social comparison.
aUndirected hypothesis.
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adults) to maximize the power for detecting age differences.2 
The selected age range aligns with general conventions defining 
younger and older adulthood (see Freund and Ritter 2009).

We established five inclusion criteria: an age of 18–33 or 60+ 
years, PC or laptop access, good German language skills, no 
background in psychology (e.g., students, psychologists, or 
therapists), and no cardiac arrhythmia or implanted pace-
maker. After data collection, we applied the same preregis-
tered exclusion criteria as in Study 1. No participants had to 
be excluded.

At T1, 271 adults participated, and 231 adults participated at 
T2 (attrition rate = 14.8%). Of the final sample, 118 participants 
were younger adults (Mage = 24.64, SDage = 3.90, 75.4% female, 
and 39.8% with college degrees) and 113 participants were 
older adults (Mage = 71.00, SDage = 6.03, 69.7% female, and 42.2% 
with a college degree). Table  S9 provides more details on the 
demographics.

Attrition analyses showed that individuals who did not partici-
pate in T2 had a significantly lower implicit self-concept of emo-
tional stability than participants who completed T2. There were 
no differences in other variables of interest (see Table  S10 for 
more details).

3.1.2   |   Procedure

3.1.2.1   |   T1: Online Assessment.  The participants received 
information about the study, gave informed consent, and chose 
an appointment for the laboratory session. Sixteen days before 
their appointment, they received an email with the link to 
the first online survey on SoSci Survey (Leiner 2021). Participants 
first generated a personalized code for data matching and then 
answered questions on demographic information and control 
variables relevant to the cardiac measurement. Last, we assessed 
explicit and implicit self-concepts of the personality traits.

3.1.2.2   |   T2: Laboratory Session.  T2 took place 12–16 days 
after T1. In each session, two adults of the same age group par-
ticipated. In cases where only one participant showed up (e.g., 
somebody canceled on short notice), a research assistant oper-
ated as a confederate (35% of sessions). Experimenters and con-
federates were psychology bachelor's or master's students who 
underwent extensive training with the first author before their 
first session with actual participants.

The laboratory session (T2) was piloted with six participants 
(four younger adults and two older adults) in February 2022. 
After participating, the pilot participants were interviewed, and 
none of them expressed concerns about the intensity of stress or 
the credibility of the experiment.

The main goal of T2 was to enact a TESSERA sequence for emo-
tional stability and extraversion. For this purpose, the session 
consisted of four phases in which we elicited increased trait-
relevant states, induced past-temporal or social comparisons, 
and, lastly, assessed personality traits. Figure  2 provides an 
overview of the procedure described next.

3.1.2.2.1   |   Phase 1: Baseline heart rate measurement 
and questionnaires.  At the start of each session, participants 
were seated at separate desks with computers. The experimenter 
explained the procedure and the application of the heart rate 
sensors. After the application of heart rate sensors, participants 
wore headphones, and a 3-min baseline measurement of cardiac 
activity occurred while they watched a nature video and were 
instructed to sit as still as possible.

3.1.2.2.2   |   Phase 2: Stress induction.  During Phase 2, 
we aimed to create a trait-relevant situation for state emotional 

TABLE 3    |    Model fit indices of models predicting longitudinal 
change in the explicit and implicit self-concepts of emotional stability 
and extraversion.

Model χ2 CFI TLI RMSEA SRMR

ES explicit

M1 
(PTCOMP 
+ Age)

25.782 0.993 0.986 0.044 0.024

M2 
(SCOMP + 
Age)

27.110 0.992 0.984 0.047 0.025

M3 (Age) 24.992 0.992 0.985 0.050 0.026

EX explicit

M1 
(PTCOMP 
+ Age)

26.869 0.990 0.979 0.047 0.034

M2 
(SCOMP + 
Age)

25.453 0.991 0.982 0.044 0.035

M3 (Age) 25.033 0.989 0.980 0.051 0.038

ES implicit

M1 
(PTCOMP 
+ Age)

12.998 0.988 0.976 0.038 0.031

M2 
(SCOMP + 
Age)

21.061 0.964 0.929 0.066 0.042

M3 (Age) 4.291 0.999 0.997 0.015 0.018

EX implicit

M1 
(PTCOMP 
+ Age)

18.857 0.985 0.970 0.060 0.041

M2 
(SCOMP + 
Age)

24.515 0.976 0.953 0.075 0.048

M3 (Age) 2.517 1.000 1.000 0.000 0.007

Abbreviations: CFI, comparative fit index; ES, emotional stability; EX, 
extraversion; M1, Model 1; M2, Model 2; M3, Model 3; PTCOMP, past-temporal 
comparison; RMSEA, root mean square error of approximation; SCOMP, social 
comparison; SRMR, standardized root mean square residual; TLI, Tucker–
Lewis index.
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stability. Drawing from prior literature, the stress-induction 
paradigm encompassed three main characteristics of stressful 
situations: threat to desired goals, uncontrollability, and social 
threat (for an overview, see Dickerson and Kemeny  2004). We 
combined different sources of stress while keeping their intensity 
at a medium level to simulate everyday stressors. Participants 
did a timed cognitive test (digit-symbol test; Schupp et al. 2008) 
with the incentive of a bonus of up to €3 depending on their per-
formance. The goal to master the test was threatened when, just 
before its completion, a programmed Windows error message 
appeared, and the browser closed abruptly, leaving participants 
with no control over the outcome (see Riedl et al. 2012). As fore-
seen, all participants then informed the experimenter about 
the browser crash. To create a social threat, the experimenter 
initially reacted in a confused and stressed manner. After both 
participants encountered the “same problem,” the experimenter 
instructed the participants to proceed to the next task while 
allegedly attempting to find out whether the data were saved 
and to resolve the technical problem.

3.1.2.2.3   |   Phase 3: Stress reduction.  In Phase 3, we 
explicitly instructed the participants to act very extraverted 
and emotionally stable in a conversation with the other par-
ticipant. This was tested in previous research and predicted 
increases in positive and decreases in negative affect (McNiel 
and Fleeson  2006). Being talkative is one of the main char-
acteristics of extraversion (Soto and John  2017), and talking 
to strangers is associated with lowered shyness (Sandstrom 
and Boothby  2021). In addition, research showed that think-
ing about positive experiences reduces stress reactions (Speer 
and Delgado  2017). Guided by this literature, the participants 
were instructed to think about an experience they found pleas-
ant within the last 4 weeks and to tell this experience to the other 
participant. Participants took turns. They were also instructed 
to behave as sociable and relaxed as possible, smile, and ask 
the other person one or more questions about the event. By this, 
we ensured that the reactions of the interaction partners were 
positive and attentive. Accordingly, increased positive affect 
and feedback should also enable the positive reinforcement 
of increased states of emotional stability and extraversion (Gaw-
ronski and Bodenhausen 2006; Wrzus and Roberts 2017). Partic-
ipants evaluated both their own behavior and that of the other 
participant during this phase. Details on the measures used 
are provided in section 3.1.3.

3.1.2.2.4   |   Phase 4: Past-temporal versus social com-
parisons and personality assessment.  After concluding 
the social interaction task, the experimenter informed the par-
ticipants of the successful recovery of their data and that they 
could return to finish the interrupted survey. The purpose 
of Phase 4 was to induce a downward past-temporal versus social 
comparison to which participants were randomly assigned. In 
the social comparison condition, participants were informed 
per text and graph that other people in the current study had 
an average mean of 2.9 on extraversion and 2.8 on emotional 
stability (i.e., slightly below average on a scale from 1 to 5). In 
the past-temporal comparison condition, the same values were 
given as their values in the survey 2 weeks prior. As participants 
behaved very extraverted and emotionally stable in the previ-
ous conversation situation, this manipulation was intended to 
induce a downward comparison (i.e., the realization that they 
were more extraverted or emotionally stable than before or com-
pared to others). Afterwards, the explicit and implicit personal-
ity trait self-concepts were assessed, and participants responded 
to the manipulation checks (see Section 3.1.3). Participants were 
debriefed online 2 weeks later. Three of them (< 1%) reported 
that they were suspicious about the stress induction.

3.1.3   |   Measures

3.1.3.1   |   Explicit Self-Concepts.  These were measured 
as in Study 1 (BFI-2; Danner et al. 2019; Soto and John 2017). 
Internal consistency estimates of emotional stability (ωT1 = 0.87, 
range ωT1: 0.85–0.90; ωT2 = 0.88, range ωT2: 0.86–0.90) and extra-
version (ωT1 = 0.86, range ωT1: 0.84–0.89; ωT2 = 0.88, range ωT2: 
0.85–0.90) were excellent.

3.1.3.2   |   Implicit Self-Concepts.  The assessment 
of implicit self-concepts and the IAT scoring algorithm was 
identical to Study 1 (Greenwald et al. 2003; Richetin et al. 2015). 
Split-half reliabilities were acceptable for both traits, with an 
internal consistency of 0.76 (T1) and 0.74 (T2) for emotional sta-
bility and 0.92 (T1) and 0.89 (T2) for extraversion.

3.1.3.3   |   Affect, Cardiovascular Activity, Behavioral 
Ratings, and Comparisons as Manipulation Checks.  We 
implemented manipulation checks to ensure that the exper-
iment had the intended effects. Accordingly, we analyzed 

FIGURE 2    |    Schematic overview of the study procedure.
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components of the TESSERA sequence (states/state expres-
sions, reactions) and reflective processes represented by changes 
in affect and cardiac activity, states, and the comparison stan-
dards employed.

State affect was measured after the baseline measurement in 
Phase 1, after the stress induction at the beginning of Phase 
3, and after the social stress reduction at the end of Phase 3 
(Figure 2). Six bipolar item pairs, scaled from 1 to 7, measured 
positive versus negative affect and arousal (e.g., “stressed” vs. 
“relaxed”). Items were adapted from the Multidimensional 
Mood Questionnaire (Hinz et al. 2012). Affect was calculated as 
the mean of the individual values of all item pairs. Internal con-
sistency was excellent, with an average of ω = 0.92 and a range 
of ω = 0.88–0.94. Additionally, cardiovascular activity, which 
changes quickly under stress, was assessed with a heart rate 
sensor with adhesive electrodes that were applied by the partici-
pants to their chest (Movisens Gmbh n.d.).

Using the software DataAnalyzer Version 1.13.5 (Movisens 
GmbH  2019), we calculated the average heart rate and the 
RMSSD (Malik  1996) of each phase, which are suitable indi-
cators of sympathetic (heart rate) and parasympathetic control 
(heart rate and RMSSD) for short-term measurements (Denver 
et al. 2007; Malik 1996). Higher heart rates and lower RMSSD 
values are considered indicators of stress (Denver et  al.  2007; 
Malik 1996). Depending on the experimental phase, n = 43–53 
mean values were missing for the heart rate, and n = 82–90 mean 
values were missing for the RMSSD due to insufficient quality 
of cardiac data. Potential reasons are the incorrect application of 
sensors, body composition, sweat, or movement artifacts (Cosoli 
et al. 2020; Hernández-Vicente et al. 2021).

To check whether the behavioral manipulation was successful, 
the participants rated themselves and the other participant on 
their behavior during the social interaction/stress reduction. 
Five bipolar item pairs (adapted from Breil et al. 2022; McNiel 
and Fleeson 2006; Schmukle et al. 2008), measured state emo-
tional stability (three items, e.g., “stressed” vs. “relaxed”) and 
extraversion (two items, e.g., “shy” vs. “talkative”), scaled from 
1 to 7 (average ω = 0.93 for emotional stability, average ω = 0.89 
for extraversion.).

After the assessment of personality traits, we included a ma-
nipulation check regarding a past-temporal comparison (“I 
thought about how my experiences and behaviors are today 
compared to when I was first surveyed”); social comparison 
(“I thought about how my experience and behavior compared 
to other people”); and a reflection on recent behavior (“I 
thought about how I behaved today”). There were also two 
filler items (e.g., “I chose my answers intuitively”). The par-
ticipants responded on a 5-point Likert scale from 1 (disagree 
strongly) to 5 (agree strongly).

3.1.4   |   Analytic Strategy

We winsorized the values of all variables (M ± 3 SD) in cases 
of outliers (n = 4). Age was coded as −1 = younger adults (18–
33 years) and 1 = older adults (60+ years) based on the bimodal 
distribution of the variable. Experimental conditions were 

coded as −1 = social comparison, 1 = past-temporal compari-
son. We used the same latent change analyses as in Study 1, 
with the only difference that we entered all manifest predic-
tors into one model, predicting change in latent explicit or 
implicit self-concepts: age, the comparison condition, and the 
interaction between age and the comparison condition (see 
Figure S1). Again, all models were defined with invariant fac-
tor loadings and intercepts, as strong measurement invariance 
was tested and held in each measurement model (Chen 2007; 
see Table S11 for details). To test the robustness of effects, we 
additionally performed all analyses controlling for whether a 
confederate (coded as 1) versus another participant (coded as 
−1) was present.

3.2   |   Results

Altogether, 121 participants (66 younger and 55 older adults) 
were randomly assigned to the past-temporal comparison condi-
tion, and 110 (52 younger and 58 older adults) to the social com-
parison condition. Table 4 displays descriptive information on 
the explicit and implicit self-concepts of emotional stability and 
extraversion at T1 and T2.

3.2.1   |   Manipulation Checks

The manipulation checks showed that the experiment affected 
participants as intended: While affective well-being and heart 
rate variability (RMSSD) significantly decreased during stress 
induction and increased during stress reduction, the heart rate 
showed the opposite trend (see Figure  3). Two-sided t-tests 
showed no significant differences in affect and cardiac activ-
ity between comparison conditions (see Table  S12). Further, 
mixed-effects ANOVAs (baseline vs. stress induction, stress 
induction vs. stress reduction) demonstrated significant main 
effects of the experimental phases and age (see Table  S13 for 
details). Interaction effects of experimental phase and age oc-
curred only in the transition from stress induction to reduction 
(not from baseline to stress induction) and for both cardiac pa-
rameters. Pairwise comparisons with Bonferroni correction 
indicated that the heart rate significantly decreased during 
the stress reduction phase for both age groups, with a more 
pronounced effect in younger adults (see Figure S2, Panel B). 
RMSSD increased during stress reduction for younger adults, 
but not for older adults (see Figure  S2, Panel C). These find-
ings align with previous research, suggesting that affect in-
creases and recovers similarly in younger and older adults after 
a stressor, while cardiac activity recovers more slowly in older 
adults (Wrzus et al. 2014).

After the stress reduction, participants of both experimental con-
ditions reported highly emotionally stable (M = 5.63, SD = 1.25) 
and extraverted (M = 5.87, SD = 1.23) behavior for themselves 
and their interaction partners (ES: M = 5.86, SD = 1.15, EX: 
M = 5.93, SD = 1.16; see Table  S12), which were comparable 
to those reported in previous experimental studies (Gallagher 
et  al.  2011; McNiel and Fleeson  2006). Also, the participants 
reported that they experienced the social interaction very pos-
itively (M = 6.11, SD = 1.13, range 1–7) and not as exhausting 
(M = 2.26, SD = 1.56, range 1–7).
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After the comparison induction and personality assessment, 
the participants completed the manipulation check on com-
parisons during their self-reports. There was no significant 

difference in considering past-temporal or social compari-
sons, nor how much they reflected on the behavior of that day 
between the experimental conditions (see Table  5). Younger 

TABLE 4    |    Descriptive statistics and correlations of variables of interest.

1 2 3 4 5 6 7 8 9

1. ES explicit T1

2. ES explicit T2 0.90

3. ES implicit T1 0.27 0.21

4. ES implicit T2 0.12 0.11 0.44

5. EX explicit T1 0.21 0.16 0.16 0.09

6. EX explicit T2 0.23 0.21 0.13 0.03 0.91

7. EX implicit T1 0.21 0.15 0.14 0.08 0.40 0.41

8. EX implicit T2 0.25 0.21 0.17 0.14 0.41 0.44 0.58

9. Age 0.35 0.32 0.27 0.16 0.12 0.12 0.19 0.25

M (SD) 3.29 
(0.66)

3.34 
(0.66)

0.39 
(0.36)

0.34 
(0.32)

3.34 
(0.64)

3.37 
(0.65)

0.01 
(0.61)

0.03 
(0.56)

47.31
(23.76)

Note: All correlation coefficients larger than |0.19| are significant with p < 0.05. Rank-order correlations are bolded.
Abbreviations: ES, emotional stability; EX, extraversion.

FIGURE 3    |    Change of affect (A), heart rate (B), and RMSSD (C) across the phases of the experiment. SI = stress induction, SR = stress reduction. 
Error bars represent confidence intervals of the mean. Affect ratings represent the mean and were assessed before the baseline and after the stress 
induction and reduction, respectively. Parameters of cardiac activity were assessed continuously; data points represent the mean of each phase.
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and older adults did not differ in considering their scores from 
2 weeks prior. However, younger adults reported significantly 
more consideration of other people's standing on these traits 
(Cohen's d = 0.55) and their behavior during the same day 
(Cohen's d = 0.33).

3.2.2   |   Results of Hypotheses Testing

The results of the latent change analyses are displayed in 
Table  6. We specified one model per trait and measure that 
included all variables simultaneously to reduce the number of 
tests. Table 7 provides model fit indices of the final models. In 
H1a, we stated that changes in extraversion should be more 
pronounced than changes in emotional stability. However, the 
analyses provided evidence that this was not the case: The ex-
plicit self-concepts of both traits increased, while the implicit 
self-concepts of both traits remained the same. Regarding 
H1b, we found partial support. Changes in extraversion were 
not more pronounced when participants compared themselves 
to others. However, as expected, there was also no difference 
in the change of emotional stability between the two compar-
ison conditions. Supporting H2a, the explicit self-concepts 
of both traits increased, while the implicit self-concepts did 
not. Furthermore, as hypothesized (H2b), the implicit self-
concepts were not affected by the comparison condition. 
Contrary to our assumptions (H3a), personality changes were 
not less pronounced among older than among younger adults. 
In H3b, we stated that younger adults' self-concepts would 
change more in the social comparison condition, while older 
adults' self-concepts would change more in the past-temporal 
comparison condition. Again, our results did not support this 
hypothesis.

Robustness checks examining whether the effects depended on 
the presence of a confederate or another participant during the 
experiment indicated that the results were not influenced by the 
type of interaction partner (see Table S14).

4   |   Discussion

In this research, we aimed to examine whether past-temporal 
and social comparisons have different effects on changes in the 
explicit and implicit self-concepts of emotional stability and ex-
traversion at different ages. We explored our research questions 
with two multi-method studies with longitudinal and experi-
mental designs.

4.1   |   The Effects of Comparison Standards on 
Changes in the Explicit Self-Concept

Prior research had proposed that reflective processes, such 
as past-temporal and social comparisons, translate everyday 
experiences into long-term personality change (Jackson and 
Wright 2024; Morina 2021; Wrzus and Roberts 2017), yet no 
empirical studies had tested this assumption. On average, no 
mean-level trait change occurred across 6 months in longitu-
dinal Study 1, which is in line with previous findings over sim-
ilar timespans (Quintus et  al.  2021). Considering individual 
differences in trait change, individuals who compared them-
selves more frequently with themselves in the past or to others 
increased more strongly in emotional stability. Conversely, the 
frequency of both types of comparisons regarding extraversion 
was not linked to individual differences in trait changes, po-
tentially because extraversion changes less strongly across the 
lifespan (Bleidorn et  al.  2022). Additionally, the direction of 
comparisons could vary more often for extraversion because, 
as an interpersonal trait, it may depend more on others' trait 
levels, particularly during social comparisons. Alternating 
comparisons with less and more extraverted individuals could 
cancel out effects. Of course, such a phenomenon could also 
have dampened the effects concerning emotional stability, 
which consequently might have been underestimated. Indeed, 
it appears essential to control the direction of comparisons. 
While the design of Study 1 did not allow for control of the 
direction, a downward comparison was induced in experi-
mental Study 2: Participants acted emotionally stable and ex-
traverted after a stressful situation and were then instructed 
to compare themselves to their somewhat lower scores 2 weeks 
before or to others with lower scores. Across this short inter-
vention, the explicit self-concepts of emotional stability and 
extraversion increased. This result provides initial evidence 
for theoretical assumptions (Baumert et al. 2017; Jackson and 
Wright 2024; Wrzus and Roberts 2017) that the combination 
of trait-relevant state changes and self-reflections shows ef-
fects on explicit self-concepts. Further, these findings of Study 
2 cohere with cross-sectional findings on the effects of past-
temporal comparisons on extraversion (Hanko et al. 2010).

As predicted and aligned with the Study 1 results, the increase 
in emotional stability did not differ between comparison condi-
tions in Study 2. The same was true for extraversion, meaning 
that contrary to our predictions, social comparisons did not en-
hance change in the explicit self-concept of extraversion more 
than past-temporal comparisons. Overall, these findings suggest 
that both types of comparisons were similarly effective regarding 

TABLE 5    |    Descriptives of self-reflections and results of two-sided t-tests for independent samples.

Variables M (SD)

Experimental condition Age group

PTCOMP SCOMP Younger adults Older adults

Reported PTCOMP 2.12a (1.28) 2.21a (1.27) 2.19a (1.27) 2.14a (1.29)

Reported SCOMP 3.13a (1.23) 3.28a (1.31) 3.53a (1.17) 2.85b (1.30)

Reported reflection on behavior 2.46a (1.25) 2.39a (1.31) 2.61a (1.29) 2.19b (1.22)

Note: Means with different subscripts differ significantly between conditions/age groups with p < 0.05.
Abbreviations: PTCOMP, past-temporal comparison; SCOMP, social comparison.
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changes in explicit self-concepts, which could be because the 
discrepancy between the individual's behavior with their scores 
two weeks prior or with others could have been similarly ap-
parent. Both types of comparisons could be common underly-
ing mechanisms of change in self-concepts, as they complement 
each other due to co-occurrence (Möller and Marsh  2013). In 
line with this, Study 1 showed a high correlation between past-
temporal and social comparisons for both traits, and Study 2 
showed a co-occurrence of both comparison types across con-
ditions (e.g., participants in the past-temporal condition also en-
gaged in social comparisons, and vice versa). Also, in domains 
other than personality, both comparisons had similar effects on 
short-term self-concept change (academic self-concept: Wolff 
et al. 2018; task performance: Zell and Alicke 2009).

The change in the explicit self-concept of emotional stability was 
influenced by comparisons both long- and short-term. In con-
trast, the self-concept of extraversion was affected only short-
term. This suggests that extraversion may change immediately 
after downward comparisons and could tend to regress to its 
set-point level more easily over time (Ormel et al. 2017). Indeed, 

longitudinal intervention studies showed that emotional stability 
increases more strongly than extraversion (Roberts et al. 2017; 
Stieger et al. 2021) and therefore might be more malleable.

Exploratory analyses of Study 1 demonstrated the robustness of 
the effects: The findings were consistent across countries, and 
the positive effect of comparisons on changes in the explicit 
self-concept of emotional stability persisted even when con-
trolling for general self-reflection tendencies. Moreover, these 
results supported the assumption that self-reflections need to 
be assessed in a trait-specific manner to accurately predict trait 
changes.

To conclude, the results of our studies give first evidence that 
downward past-temporal and social comparisons can enhance 
explicit trait self-concepts when combined with behavioral 
changes. While the findings of the experimental Study 2 may 
reflect short-term changes, they could represent the process 
of gradual shifts in explicit self-concepts: Using the same trait 
measure, after just one brief behavioral change intervention, we 
found more pronounced change within explicit self-concepts 
than across 6 months. Therefore, our findings align with the-
oretical frameworks stating that reflective processes translate 
behavioral manifestations into changes in explicit self-concepts 
(Baumert et al. 2017; Morina 2021; Wrzus and Roberts 2017).

4.2   |   Changes in the Explicit Versus Implicit 
Self-Concepts

Explicit and implicit self-concepts are related yet distinct en-
tities that presumably form and develop through partly differ-
ent processes: reflective versus associative. Based on theory 
(Wrzus and Roberts  2017), we tested whether past-temporal 
comparisons also enhance changes in implicit self-concepts 
by reinforcing repetitions of previously shown behavioral 

TABLE 6    |    Past-temporal versus social comparisons, age, and comparison by age interactions predicting short-term changes in the explicit and 
implicit self-concepts of emotional stability and extraversion.

Model

Emotional stability Extraversion

Estimate [95% CI] p Estimate [95% CI] p

Explicit

Change T2–T1 0.057 [0.020, ∞] 0.006 0.047 [0.009, ∞] 0.022

COMP 0.023a [−0.020, 0.066] 0.298 −0.015 [−∞, 0.021] 0.245

Age −0.020 [−∞, 0.018] 0.193 0.014 [−∞, 0.052] 0.281

COMP by Age −0.018 [−0.055, ∞] 0.219 0.015 [−0.022, ∞] 0.248

Implicit

Change T2–T1 −0.041 [−0.081, ∞] 0.046 0.018 [−0.040, ∞] 0.306

COMP −0.003a [−0.039, 0.034] 0.875 0.011a [−0.048, 0.070] 0.711

Age −0.024 [−∞, 0.015] 0.160 0.018 [−∞, 0.075] 0.304

COMP by Age −0.004a [−0.040, 0.032] 0.832 −0.009a [−0.068, 0.049] 0.760

Note: Experimental conditions were coded as −1 = social comparison, 1 = past-temporal comparison. Age was coded as −1 = younger adults and 1 = older adults. 
Significant p values (p < 0.05) are bolded. aUndirected hypothesis.
Abbreviation: COMP, comparison condition.

TABLE 7    |    Model fit indices predicting short-term change in 
the explicit and implicit self-concepts of emotional stability and 
extraversion.

Model Χ2 CFI TLI RMSEA SRMR

ES explicit 21.960 1.000 1.000 0.000 0.043

EX explicit 25.833 0.997 0.996 0.023 0.039

ES implicit 5.925 1.000 1.000 0.000 0.025

EX implicit 14.572 0.995 0.991 0.037 0.047

Abbreviations: CFI, comparative fit index; ES, emotional stability; EX, 
extraversion; RMSEA, root mean square error of approximation; SRMR, 
standardized root mean square residual; TLI, Tucker–Lewis index.
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patterns. The results of Study 1, however, showed that this was 
not the case for the implicit self-concepts of emotional stability 
or extraversion. As expected, the frequency of social compari-
sons also did not affect changes in the implicit representations 
of both traits. Also, in Study 2, there was no difference in the 
change of implicit self-concepts between comparison condi-
tions nor a significant change in extraversion across condi-
tions. Regarding emotional stability, the change in the implicit 
self-concept did not differ between conditions, and, contrary to 
our hypothesis that the implicit self-concept would increase, it 
decreased in both comparison conditions. As the effects are in 
the opposite direction of hypothesized, they should be taken 
cautiously, and we refrain from further interpretations (Cho 
and Abe 2013). Nevertheless, we note that divergent changes 
in the explicit and implicit self-concepts have also been ob-
served in previous research (Wrzus et  al.  2023). Our results 
partially support theoretical assumptions about different pro-
cesses involved in changing explicit and implicit self-concepts 
(Gawronski and Bodenhausen 2006; Wrzus and Roberts 2017), 
and prior evidence that reflections do not affect the implicit 
self-concept (Gawronski and Bodenhausen  2006; Quintus 
et al. 2021). The experiment successfully induced trait-relevant 
behavior and positive affect, aiming to reinforce the behavior 
with positive feedback. However, most likely changing asso-
ciative patterns may take repeated behavioral change instead 
of one incident (cf. Gawronski and Bodenhausen 2006; Wrzus 
and Roberts 2017).

4.3   |   Age Differences in Personality Processes

We proposed that age differences in trait change may stem from 
reflective and associative processes being less effective with older 
individuals compared to younger individuals. In Study 1, we did 
not find evidence for age differences in the change of explicit or 
implicit self-concepts, which contradicts previous research re-
garding changes in explicit self-concepts (Bleidorn et al. 2022). 
While in general the extent of personality change may vary by 
age (Bleidorn et al. 2022), a longer period of observation might be 
required to capture these differences. Exploratory cross-country 
analyses revealed that within the US sample, the implicit self-
concept changed more strongly in younger individuals than in 
older individuals. However, this age difference was not apparent 
in Germany. Although overall the age effect in the United States 
was in line with our hypotheses, no theoretical background or 
previous evidence supports the country difference related to 
this finding. Importantly, most studies on country differences 
were cross-sectional and lacked implicit measures (e.g., McCrae 
et al. 1999). One longitudinal study found a stronger decline in 
the explicit self-concept of extraversion across the lifespan in the 
United States compared to Japan (Chopik and Kitayama 2018), 
suggesting potential cross-country differences. However, differ-
ences in the current study might reflect sampling or contextual 
effects related to the assessment period. Future research could 
examine such cross-country differences in more detail with im-
plicit measures.

Contrary to our predictions, in Study 2, younger and older adults 
adapted their explicit self-concepts of both traits similarly. Thus, 
although older adults use trait-specific comparisons less fre-
quently (Küchler et al. 2025), they may adapt their self-concepts 

once confronted with them. Further, in Study 2, we found age 
differences in the information considered when completing a 
self-report on their personality: Older adults reported signifi-
cantly less consideration of social comparisons and current be-
havior during their personality assessment. Hence, similarities 
in short-term effects might diminish over time as older adults 
might reject new information about themselves (Gawronski and 
Bodenhausen 2006) as they believe to know themselves better 
(Diehl and Hay 2011).

4.4   |   Limitations and Future Directions

Despite the strengths of using a multi-method approach, some 
limitations need to be considered. First, our study was limited 
to emotional stability and extraversion. As the predictions about 
how reflective processes shape personality development were 
based on general theoretical frameworks (Baumert et al. 2017; 
Jackson and Wright 2024; TESSERA, Wrzus and Roberts 2017), 
we propose that our findings could apply to other traits as well. 
Initial evidence stems from long-term personality interventions, 
combining behavioral and reflective tasks for other Big Five 
traits (Stieger et al. 2021), social–emotional well-being (Pollock 
et al. 2023), and intellectual humility (Mendonça et al. 2023).

Second, we focused on past-temporal and social comparisons 
because they are employed most often (Morina 2021). However, 
different types of self-reflections may influence each other, and 
past-temporal and social comparisons likely often happen simul-
taneously (Möller and Marsh 2013), as shown by the manipula-
tion checks and high associations in both of our studies. Thus, 
even when a person perceives their behavior as more extraverted 
than usual (past-temporal comparison), comparing themselves 
to someone more extraverted (social comparison) could reduce 
the effect of the past-temporal comparison.

Third, in Study 2, effects between comparison conditions were 
indistinguishable, and no control group without comparison in-
duction existed. Thus, trait changes might have resulted solely 
from the induced behavior. Still, only explicit, not implicit, 
self-concepts increased, aligning with theories that behavioral 
change alone may not suffice for explicit self-concept change 
(Gawronski and Bodenhausen 2006; Wrzus and Roberts 2017). 
We anticipated that participants would naturally engage in 
downward comparisons. This expectation was based on their 
stable and extraverted behavior in the previous experimental 
phase (i.e., behavioral induction during the conversation), con-
trasted with below-average values of the traits presented in the 
comparison induction. However, we did not include a manipula-
tion check regarding the comparison direction (upward, down-
ward, lateral) and did not provide explicit feedback, as this could 
have created strong demand effects and would have been less 
representative of real-life situations. Therefore, future research 
should include no-comparison versus upward versus downward 
conditions to clarify these findings, which were not feasible in 
this research due to time and financial constraints.

Fourth, typical of research that investigates desirable change, 
we cannot completely rule out demand effects. Importantly, our 
focus was on the fundamental processes of trait change, relevant 
regardless of whether individuals intend to change, as in daily 
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life. Thus, our sample did not comprise participants actively 
seeking change or with particularly low trait levels.

Fifth, the short time scale may raise the question of whether the 
observed effects represent long-term trait changes. Importantly, 
studies with longer durations cannot capture short-term pro-
cesses. While Study 1 showed effects of comparisons over six 
months, Study 2 focused on temporary increases in trait levels. 
These findings suggest that experiences combined with compar-
isons may lead to long-term change (Study 1). Additionally, al-
though these changes are theorized to be stronger when repeated 
experiences and reflections occur (Wrzus and Roberts 2017), the 
short-term mechanism could be observed after one single expe-
rience (Study 2). We encourage future research to test our hy-
potheses with repeated measurements over longer time frames.

Finally, our samples consisted of volunteers from the general 
population. Study 1 was socio-demographically diverse but had 
a large attrition rate in the US subsample, with non-completers 
showing slightly lower scores on some variables. Study 2 mostly 
included individuals with high socioeconomic status, which is 
linked to better health with older age (see Wagg et al. 2021), and 
all participants were able to concentrate and attend the lab-based 
experiment online sessions. Therefore, the findings may not be 
fully generalizable to a more diverse population of older adults.

5   |   Conclusion

While several previous intervention studies on processes of per-
sonality development have focused on pre-behavioral factors and 
behavioral changes, the current research additionally emphasizes 
comparisons as reflective, post-behavioral processes for change 
in the social–emotional traits of emotional stability and extraver-
sion. In line with theoretical considerations and previous work on 
attitude change (Gawronski and Bodenhausen 2006; Gawronski 
and LeBel 2008), we also provided evidence that changes in im-
plicit trait self-concepts are not (substantially) affected by reflec-
tive processes. Although we did not observe age differences in 
the effects of reflective and associative processes, we found older 
adults to focus less on social comparisons and recent behavior 
when evaluating their standing on personality traits. Innovatively, 
we changed relatively stable trait self-concepts with a single brief 
behavioral induction, further substantiating the relevance of 
behavioral changes theorized within personality development 
frameworks (Baumert et  al.  2017; Jackson and Wright  2024; 
Wrzus and Roberts 2017). Future research could expand the cur-
rent findings regarding further and narrower traits, additional 
reflective processes, and larger time spans. Given the signifi-
cant impact of social–emotional traits on mental health (Lamers 
et  al.  2012), professional success, and personal achievements 
(Roberts et al. 2007), understanding the processes that facilitate or 
hinder personality change in these traits is crucial when applying 
the findings in coaching, educational, and therapeutic programs.
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Endnotes

	1	As the original scoring key (Soto and John 2017) was set for negative 
emotionality/neuroticism, we coded the items in the opposite direction 
compared to the original literature. That is, items that were reverse-
coded in the original were not reverse-coded in the current study, and 
vice versa. See the R script for more details.

	2	Initially, we chose an age range of 18–33 and 65–80 to ensure equal age 
spans for younger and older adulthood. Later on, due to difficulties in 
recruiting older participants, we expanded the older group to include 
those aged 60+.
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